FOCUS
The diagnosis of syphilis is usually based on a suggestive clinical history and supportive serological examination. Serological examination for syphilis can be broadly divided into nontreponemal tests (NTTs) and treponemal tests (TTs). The most commonly used NTTs include the rapid plasma regain (RPR) test and the toluidine red unheated serum test (TRUST), which measure immunoglobulins produced in response to lipoidal material released from the bacterium and/or dying host cell. Compared to NTTs, in theory TTs (e.g., Treponema pallidum particle agglutination [TPPA] ) have high specificity for detect-ing antibodies against T. pallidum proteins. After effective treatment, the levels of nontreponemal antibodies decrease, whereas the levels of treponemal antibodies remain high for many years. So, NTTs are useful in evaluating treatment effectiveness (detecting active syphilis). TTs are usually used for confirmatory analysis after a positive NTT result. Neurosyphilis is an important diagnosis but is often neglected-partially because most patients with early syphilis who have CSF abnormalities have no CNS symptoms. 4 Because it is a rarity with diverse characteristics on imaging, cerebral syphilitic gumma is often misdiagnosed and easily confused with brain tumor.
Here, we report an interesting and unusual case of an adult male patient with cerebral syphilitic gumma who presented with a large intracranial lesion in the right frontal lobe masquerading as a malignant brain tumor. We also present an extensive review of the literature to better characterize cerebral syphilitic gumma.
Case Report

History and Examination
The patient was a 45-year-old right-handed man who was admitted to our hospital on October 25, 2018. He was a long-distance truck driver with no significant past medical history. Before presentation, he had a 10-day history of severe headache with a progressive decrease in muscle strength of his left limbs. At admission, the patient had clear consciousness, with small areas of red rash on the skin, normal right-limb muscle strength (Medical Research Council grade 5), but decreased muscle strength in the left limbs (Medical Research Council grade 4).
Examination of the blood at admission showed the following results: TRUST positivity, TPPA assay positivity, and hepatitis B virus surface antigen positivity-other blood testing showed no abnormality (Table 1) . A CSF examination was executed after histopathological confirmation. CSF routine examination and biochemical indexes were basically normal, but TPPA was positive. Of specific interest here was the fact that the CSF TRUST titer was the same as blood at admission and before discharge (Table 1) .
Neuroimaging
CT scanning of the brain showed a small low-density lesion close to the sagittal sinus in the right frontal lobe with severe perilesional edema. Slight homogeneous enhancement was seen on the CT scan obtained with contrast ( Fig. 1A and B) .
Head MRI showed a slight isointensity on T1 and a long T2 nodular signal shadow adjacent to the right cerebral falx, as well as a somewhat high T2-FLAIR and significantly higher diffusion-weighted imaging (DWI) signal, which measured approximately 1.8 cm × 1.7 cm × 2.2 cm, surrounded by severe edema around the lesion. After addition of contrast, the lesion presented as ring enhanced and the adjacent meninges were slightly thickened and enhanced ( Fig. 1C-H ).
Treatments
After hospitalization, the patient's myodynamia of the left limbs gradually worsened, which might be associated with severe perilesional edema according to CT scanning. With a provisional diagnosis of glioblastoma or metastatic brain tumor after MR scanning, we performed an emergency craniotomy and the lesion was resected completely (Fig. 2) . Consistent with the rapid intraoperative pathological results, histopathological examination showed multiple coagulative necroses; a large quantity of inflammatory cell infiltration (lymphocytes, plasma cells, and neutrophils); angiectasis; proliferation of fibroblasts; and inflammatory changes of the meningeal tissue (Fig.  2) . Postoperative examination of CSF indicated that the titer of TRUST was 1:16 and there was TPPA positivity. Finally, the patient was diagnosed with cerebral syphilitic gumma according to CSF findings and pathological examinations. Consequently, he agreed to an antisyphilitic treatment, which included a 14-day course of intravenous penicillin (2.5 million U administered every 4 hours) followed by a 3-week course of intramuscular injections of benzathine penicillin (2.4 million U administered once per week). 12 
Postoperative Course
At the follow-up visit 1 month after surgery, the patient's myodynamia of the left limbs gradually improved and the right frontal lobe presented no evidence of lesion recurrence on the imaging examination (Fig. 3) , but the blood TRUST titer was still 1:8 even with more intensive penicillin G treatment (Table 1) .
Discussion
Neurosyphilis can occur throughout the natural history of syphilis infection and has complicated clinical manifestations-including asymptomatic, syphilitic meningitis; meningovascular syphilis; spinal syphilis; and syphilitic gumma-but isolated or multiple intracranial gummous lesions are rare, perhaps as a result of the introduction of penicillin therapy for early syphilis. 1, 4 However, surveys indicate that there are still significant numbers of patients with cerebral syphilitic gumma, especially in the 18-to 39-year age group (48.6%), and that these lesions are most common on the convexities (66%).
2 Because of the low incidence, misdiagnosis is the trickiest clinical problem for syphilitic gumma, often because of diverse characteristics on imaging. The syphilitic gumma could be easily misdiagnosed as a brain tumor, such as meningioma or malignant lymphoma, and in this patient we confused the lesion with metastatic brain tumor at first. So, most cerebral syphilitic gumma are finally diagnosed by pathological confirmation after the operation.
It is known that the diagnosis of cerebral syphilitic gumma from radiological testing is a challenge because often imaging findings can vary. In most cases the lesions were multiple, with irregular enhancement and mild surrounding edema. 2, 8 In our case there was a large area of edema around the lesion, which caused a space-occupying effect. The lesion showed uncommon ring enhancement, which is rarely reported in the literature. We hypothesize that necrosis at the nodule center of the gumma surrounded by epithelial cells, multinucleated giant cells, lymphocytes, and granulation tissue may be responsible for this ring enhancement. Extensive edema usually surrounded the lesions due to the chronic inflammatory processes of syphilis. It should also be noted that cerebral syphilitic gumma could encroach on and is closely related to the
FIG. 1. CT (A), enhanced CT (B), T1-weighted MRI (C), T2-weighted MRI (D), T2-FLAIR MRI (E), enhanced MRI (F and G), and DWI (H)
. CT showed a low-density lesion adjacent to the cerebral falx with slight enhancement on the CT scan obtained with contrast, and severe perilesional edema. MRI showed the lesion presenting as ring enhanced, and the adjacent meninges were slightly thickened and enhanced.
FIG. 2.
Histopathological examination showed a large quantity of inflammatory cell infiltration containing lymphocytes, neutrophils, and necrosis (A-E). H & E, original magnification ×100 (A-C) and ×200 (D and E). The lesion was gray-white, irregular in shape, and had a slightly rubbery texture (F).
meninges, causing significant meningeal enhancement similar to those for meningioma. Auxiliary examinations that are helpful in the diagnosis of neurosyphilis included syphilis serological tests of the CSF. Analysis of CSF in patients with active neurosyphilis usually produces a positive Venereal Disease Research Laboratory (VDRL) test, elevated protein, and elevated white blood cell count. 10 In our patient, CSF routine examination and biochemical indexes were basically normal, elevated protein and elevated white blood cell count were not noted, but TPPA was positive. Syphilis serological tests of the CSF could confirm a diagnosis of active neurosyphilis by combined analysis of a patient's history. Considering the diagnosis of neurosyphilis gumma, patients can attain verification of diagnostic accuracy by antisyphilis treatment, which will help to avoid unnecessary craniotomy.
As the mainstay of treatment for syphilis, intramuscular injection of long-acting benzathine penicillin G can effectively maintain penicillin levels in the blood above the minimum inhibitory concentration for ≥ 10 days. A lumbar puncture and CSF examination should be executed in patients with symptoms indicating neurosyphilis to confirm or exclude this diagnosis. Once diagnosed, large doses of intravenous injection of crystalline penicillin or intramuscular injection of procaine penicillin plus probenecid are required for 10-14 days. 5 It has been established in the literature that syphilitic gumma could apparently be absorbed or could disappear after penicillin treatment. 2, 8 Therefore, patients with cerebral syphilitic gumma can receive this diagnostic treatment to avoid unnecessary craniotomy. Penicillin treatment efficacy is measured indirectly by using serology, and a cure is usually defined as reversion to a negative serum status or a 4-fold reduction in the titer from an NTT. However, a minority of patients remain seropositive and their NTT titers show a less than 4-fold reduction, although they have almost certainly been cured, and there is no evidence of progressive disease-the socalled syphilitic sero-fixation. 7 In our case, after penicillin treatment, no recurrence of syphilitic gumma was found by imaging examination, but the TRUST titer remained positive at 1:8 and no further decrease was observed.
Conclusions
We present a patient with hemiplegia who was subsequently diagnosed with syphilitic cerebral gumma after postoperative pathological examination. It has been reported that cerebral syphilitic gumma could be cured by high-dose intravenous aqueous crystalline penicillin, but the real question was whether it could be correctly diagnosed. It was difficult to diagnose cerebral syphilis gumma by imaging examination, because it had a similar imaging appearance to many other intracranial lesions. Therefore, the diagnosis of cerebral syphilitic gumma required a consideration of the patient history, clinical manifestations, syphilis serology, CSF examination, and other physiological changes-i.e., not just imaging. Our recommendations were that cerebral syphilitic gumma should be treated with intravenous penicillin G as the preferred therapy and that the physician try to avoid craniotomy unless the patient has symptoms of raised intracranial pressure.
